This study demonstrates the application of quantitative elemental bio-imaging for the determination of Furthermore, the data was compared against solution nebulisation ICP-MS in which the whole substantia nigra was excised. The trends were the same for both methods; however the elemental bioimaging method returned significantly higher concentrations. This was caused by dilution from inclusion of surrounding tissue of the SN during the excision procedure.
INTRODUCTION
Parkinson's disease (PD) is a degenerative neurological disorder caused by the loss of dopaminergic cells within the pars compacta region of the substantia nigra (SN) 1 . Co-incident with the appearance of symptoms of the disease an elevation of iron has been observed within the SN 2-4 . Iron is suspected to be involved in the formation of reactive oxygen species within the SN, which is hypothesised to lead to the death of dopamine producing cells. It is unclear if the increased oxidative stress caused by Fe in PD is a cause or effect of the disorder 5 .
A common mouse model for study of Parkinsonism is the 6-hydroxydopamine (6-OHDA) lesion method. The lesion is produced by directly injecting the neurotoxin into the region of the SN, where it is taken up by the neurons and kills the cells by the production of active superoxide radicals 6 . Fe is suspected to play a significant role in the mechanism of cell death and superoxide radical generation 2, 3, 7-9 .
Development of methods to measure the regional concentration of trace metals in induced Parkinsonism models would be of benefit to probe the mechanism and treatment of PD. Solution nebulisation ICP-MS was employed by Tarohda et al 10 .
The SN was excised from 6-OHDA lesioned mouse models and analysed for Mn, Fe, Cu and Zn after closed-vessel microwave digestion. The concentration of Mn, Fe, Cu and Zn increased in the SN to a constant maximum at 7-10 days after injection of the neurotoxin. Solution ICP-MS has also been applied to monitoring iron levels in 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) treated mice, another mouse model for Parkinsonism 11 .
Laser ablation-inductively couple plasma-mass spectrometry (LA-ICP-MS) may be utilised for in situ analysis of trace metals in biological tissue. Using a process we term elemental bio-imaging, isotopespecific maps of the spatial distribution of trace elements within thin tissue sections can be constructed.
ICP-MS is an element analyser, designed to measure trace levels of the elements unlike other forms of "organic" MS that are used to identify and quantify molecular compounds. Laser ablation is a sample introduction system for ICP-MS that allow for the elemental composition of solid materials, including tissues, to be determined.
The biggest limitation of LA-ICP-MS is a lack of reliable validated quantification strategies. Most studies have relied upon certified reference materials or preparation of matrix matched standards.
Examples of the former include pig liver paste (LGC 7112) for single point calibration for quantification of trace elements in sheep liver 12 . Jackson et al. used pressed pellets of TORT-2 (lobster hepatopancreas), DOLT-2 (dogfish liver) and DORM-2 (dogfish muscle) to build multi-point curves for quantification of Cu, Zn and Fe in rodent brains 13 . Matrix-matched standards have also been prepared by spiking brain tissue with known amounts of aqueous standards and ablating cut sections. 14 .
Elemental bio-imaging has also been applied to imaging of P, S and several transition metals in small sized tumours produced by F98 glioma cell implantation in rat brains 15, 16 . Imaging of trace elements in both healthy and tumourous human brain tissue has also been reported 14, [17] [18] [19] .
This study presents a method to quantify the spatial and regional distribution of Mn, Fe, Cu and Zn in thin tissue sections taken from a 6-OHDA Parkinsonism mouse model, as well as untreated controls.
The regional quantification of the substantia nigra obtained by the imaging method was also compared against that obtained by solution nebulisation ICP-MS. Thus, the image resolution was equal to the laser spot diameter. These solutions were analysed by solution nebulisation ICP-MS using the Agilent 7500 ICP-MS. In brief, mixed standards containing each element were prepared from fresh stocks (Choice Analytical)
EXPERIMENTAL SECTION
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for calibration. A 250 ppb solution of 103 Rh was used as the reference element that was added to each sample via a peristaltic pump and T-piece connector. A quartz concentric nebuliser and Scott-type spray chamber (Glass Expansion, Australia) were used. He was used as a collision gas to remove interferences. 
Animal model
All methods conformed to the Australian National Health and Medical Research Council published code of practice for animal research and was approved by the University of Melbourne Animal Ethics
Committee. C57Bl/6 mice were purchased from the Animal Resources Centre (Western Australia).
A partial lesion of the SN was produced in the mice by injecting the neurotoxin 6-OHDA into the right SN. The mouse was injected with atropine (0.5 mg/kg, Pharmacia, Australia and xylazine (10 mg/kg, Xylazil-20 Troy Labs., Australia) as premedication. The mouse was initially inducted to anaesthesia with 3-4 % isofluorane (Forthane, Abbott, Australia ) carried by oxygen and then maintained at 1. 
Analysis by SN-ICP-MS
Homogenised tissue pressed into mould, frozen at -80 °C and cut on cryotome
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% isofluorane. The head was then secured in a stereotaxic frame with the bite bar 3 mm above horizontal. A solution of 6-OHDA (1.65 mg/ml, Sigma) in ascorbic acid (0.2 mg/ml) was prepared and kept on ice until the time of injection. A 26 gauge needle attached via tubing to a 500 l syringe (SGE, Australia) mounted in a syringe pump (Bioanalytical Systems Inc., , USA) was inserted into the right SN through a small hole drilled through the top of the skull. The needle was left to settle for 2 min before 2 l (2.5-3.3 mg, 1.5-1.65 mg/ml) of 6-OHDA was injected slowly (0.5 μl/min) into the right SN (anteroposterior, 3.0 mm; lateral, 1.1 mm; dorsoventral, 4.7 mm, with respect to bregma) 21, 22 . On completion of the injection, the needle was left in place for 2 min then slowly withdrawn at a rate of 1 mm/min. After surgery, the skin was sutured, antiseptic (1 % w/w iodine, Betadine; Faulding and Company, South Australia) was applied to the wound, and the mice were left in a warmed cage to recover. Paracetamol (100 mg/kg) was administered in drinking water as an analgesic after surgery.
Twenty-one days after surgery the animals were killed by an overdose of sodium pentobarbitone from O 2 in the plasma gas. Therefore, areas of the image with no tissue present were set to zero.
Solution Nebulisation ICP-MS
Measurements of SN iron levels were assessed by solution ICP-MS according to the method described previously 25 . Briefly, the SN region was dissected, weighed, frozen, lyophilized and then digested overnight in concentrated HNO 3 (Aristar, BDH) before heating at 90°C for 20 min on a heating block. 
RESULTS AND DISCUSSION
Calibration
The matrix matched calibration standards were analysed by solution nebulisation ICP-MS. Both the spiked concentrations and determined concentrations are summarised in Table 3 . The amount spiked prior to homogenisation did not necessarily correlate well with the determined concentration. These data demonstrated the requirement for characterisation of the calibration standards prior to quantification of tissue sections. The standard tissue sections were ablated immediately before each sample. Calibration curves for each isotope were constructed by plotting the signal intensity after 13 C normalization against the determined concentration. Table 4 Using the above linear regression, each data point (or pixel) in ENVI was converted from an intensity/ 13 C ratio to mg kg -1 concentration, allowing the production of quantitative images at 30 m resolution. Areas of interest were also quantified by built in functions in ENVI software.
6-OHDA lesioned animals
The lesion procedure resulted in a loss of between 50% and 66% of SN neurons. Figure 2 to zero for image clarity. The SN is clearly seen, however the contrast is not as dramatic as in Figure 3 due to the narrower concentration range displayed. A three dimensional view of the 12 um resolution scan is shown in Figure 5 . The SN is clearly seen and some fine detail in Fe distribution can be discerned. 
Control animals
Comparisons of the 6-OHDA animals were made against control animals. Mean Fe concentrations within the substantia nigra are presented in Table 5 . Lesioned animals displayed a bilateral increase in mean Fe concentration compared to the control. A bilateral decease in the number of SN neurons has been reported previously from a unilateral injection of toxin 26 . This is thought to be caused by spread of the toxin within the brain. Immunohistochemical staining for tyrosine hydroxylase (TH) activity was performed and is shown in 
